INTRODUCTION
The b production cross section is quite favourable at the Fermilab Tevatron, where proton and antiproton beams are collided with a center of mass energy of 1.8 TeV. A direct extrapolation from CDF data indicates a total cross section of 30 b (1) in the region jyj < 1, where CDF has most of its muon and tracking coverage. Fo r a t ypical run 1 luminosity o f 10 31 cm 2 sec 1 this corresponds to a b production rate of 300 Hz. This is over an order of magnitude larger than the current CDF experiment data logging rate. On the other hand the backgrounds are also very signicant; the ratio of the b cross section to the total inelastic cross section being in the order of 10 3 . This value of the signal to noise and the large production cross section imply that the quality of the trigger is of great importance to exploit at best the b-physics potential of the Tevatron. This is much dierent than the situation found at LEP at the Z 0 pole, where the cross section is smaller ( 7 n b), but the signal to noise is much higher ( 0.2).
Another characteristic feature of b-production at the Tevatron is that it is peaked at values of the b-quark p t in the order of a few GeV/c, unlike at LEP where the b-quark momentum is about half the mass of the Z 0 . This puts additional constraints on the rejection power of the trigger and the analysis, since backgrounds tend to concentrate at lower p t .
Rejection power at low p t is achieved in CDF with two classes of triggers which require 1 or 2 leptons: a. dilepton triggers: either 2 with p t > 2 GeV/c or 1 with p t > 2
GeV/c and 1 electron with E t > 5 GeV Dimuon triggers are the main source of J= , 0 , which are used to select b-hadron exclusive decays. Dilepton triggers away from the J= resonance are used for all B 0 B 0 mixing studies as well as for rare decay searches. Single lepton triggers are a source of semi-exclusive b-hadron semileptonic decays.
The CDF detector has been described in detail in (2) . It is worth mentioning, however, some specic features of the detector which are of special relevance to b-physics. The muon system covers the pseudo-rapidity range jj < 1. It consists of three separe subsystems:
Central Muon Chambers (CMU) are located in the back of the central calorimeter modules and cover the region jj < 0:6; Central Muon Upgrade (CMP) c hambers are located behind the CMU after an additional 60 cm of steel to reduce the punchthrough background;
Central Muon Extension (CMX) is a set of additional drift chambers and scintillation counters located in the region 0:6 < jj < 1:0.
Electron identication is done in the central and end-plug calorimeters in the region jj < 2:4. Additional discrimination is achieved in the central region with the use of strip chambers located at approximately shower maximum inside the central electromagnetic calorimeters, with a preradiator located between the central calorimeters and the superconducting solenoid and with the use of dE/dx information from the Central Tracking Chamber(CTC). The tracking system is contained in a 3 m diameter superconducting solenoid providing a 1.4 Tesla axial eld. Three tracking detectors are used: a. the CTC: a large volume drift chamber with 84 layers of sense wires, which provides most of the pattern recognition capability and momentum resolution.
b. the Silicon Vertex Detector SVX (3): a 4 layer silicon microstrip vertex detector, which provides an excellent impact parameter resolution.
c. the Vertex Time Projection Chambers (VTX): a set of small time projection chambers located between the CTC and the SVX, which provide R-z tracking in the vertex region. The most relevant features of the combined tracking system are:
high eciency for tracks with p t > 0.4 GeV/c and jj < 1; good momentum resolution, p t =p 2 t 10 3 GeV/c 1 impact parameter resolution in the order of 13 m for high momentum tracks.
Tracking with high resolution is important both to obtain a good signal to noise ratio in the reconstructed mass peaks and to achieve a good separation between the primary interaction vertex and secondary vertices from the decay of b-hadrons.
The CDF Collaboration has collected 20 pb 1 of data during run 1A and approximately an additional 50 pb 1 of data during run 1B, before the february '95 accelerator mantainance period. Most of the results reported in this paper refer to run 1A data, with a few mid-run updates. There are therefore signicant improvements to be expected after the end of run 1B. In the rest of the paper we shall imply that the analysis refers to the run 1A data set unless a dierent data set is explicitly specied.
In the following we shall report the CDF results on the measurement o f B meson masses and lifetimes, the limits set on rare B decays and the latest results on B 0 B 0 mixing. We shall then describe the improvements which are expected with the full run 1B statistics and discuss the b-physics reach of CDF for run II.
B MESON MASSES
The best resolution in the determination of the B meson masses can be achieved using their exclusive decays into J= . The analysis starts with the selection of J= ! + from the dimuon trigger data sample. A m uon candidate is dened as a CTC track pointing to a track segment in the muon chambers. For each m uon candidate we require that the position of the muon track segment in the muon chambers and the extrapolated CTC track match to within 3, where is the uncertainty in the extrapolation taking into account m ultiple scattering in the calorimeter material. Only three-dimensional CTC tracks are used, with the addition of the SVX information whenever it is available. We calculate the invariant mass of each opposite charge muon candidate pair after constraining them to originate from the same vertex. The J= candidates are selected by requiring the dierence between the dimuon mass and the world average J= mass of 3096.9 MeV/c 2 (4) to be less than 3, where is the mass uncertainty calculated for each dimuon candidate. Approximately 80,000 J= 's are found with less than 10% background in the peak region.
J= candidates are then associated to additional tracks to select specic B decay modes. B masses and decay lengths are calculated after tting all tracks to a common decay v ertex with the constraints that the two have t o form the J= mass and the B candidate has to point to the primary vertex in the transverse plane. The 2 condence level of this vertex t is required to be greater than 1% for all decay modes. The following channels are used for the mass determination:
i. B u ! J= K . The K is dened as any c harged track and we assign it the kaon mass for the invariant mass determination. Additional cuts for this channel are: p K t > 2 GeV/c, p B t > 8 GeV/c and c > 100 s ! J= '. The ' is dened as any opposite charge two track combination whose invariant mass is within 10 MeV/c 2 of the ' mass after assuming that both tracks are charged kaons. Additional cuts are p ' t > 2 GeV/c, p B t > 6 GeV/c and c > 0. In g. 2 we show the resulting mass distribution. In Table 1 we show a summary of these measurements compared to the latest CLEO and LEP results (5) .
The CDF results are obtained after calibration of the p t scale using the large sample of J= 's available and correcting for dE/dx losses in the detector material. Systematic errors are dominated by instabilities in the events CDF reports a midrun update on the exclusive B u and B d lifetimes, which uses a total of 67.7 pb 1 of data and a new measurement of these lifetimes using semi-exclusive c hannels and run 1A data. The B s lifetime has also been measured using the decay modes B s ! lD s and, with low statistics, B s ! J= '.
The transverse size of the beamline is small ( 35 in both the horizontal and vertical direction) at the B0 intersection point, where the CDF detector is located. For this reason we do not t a primary event v ertex in these analyses, but rather monitor the beamline position on a run-by-run basis and use the average beamline position for the specic run as a measurement o f the position of the primary vertex.
Exclusive Bu;d lifetimes
The event selection for this analysis proceeds along lines quite similar to the B meson mass analysis, however more decay modes are used, no c cut is applied and no vertex pointing constraint is applied in the vertex t to avoid biasing the c distribution. All the kinematical cuts have been reoptimized to obtain the best lifetime resolution. The B decay modes used for this analysis are: B ! K, where is either a J= or a (2S) and K can be any o f the following: K , K 0 ! K,K 0 S ! + or K + ! K 0 S + . In addition both muons are required to have SVX information, in order to guarantee an adequate secondary vertex resolution. A total of approximately 140,000 J= 's is used.
We dene the transverse decay distance, L xy , of the B meson as the vector dierence of the secondary and primary vertex positions in the transverse plane projected onto the B transverse momentum vector,p t : The shape of the background is determined by tting the sideband region to a gaussian with exponential tails. The shape of the signal region is assumed to be a weighed sum of the sideband shape and an exponential convoluted with a gaussian. The relative w eights are constrained by the average amount of background measured in the mass plots for the signal region. After applying an unbinned t to account for the event b y e v ent v ariation of the L xy resolution we obtain the results shown in Table 2 . Fit results are also shown in g. 3 overlaid on the c distributions.
The systematic errors depend mostly on residual misalignments, trigger bias and beam stability. Since they aect equally the charged and neutral B, they are assumed to cancel in the lifetime ratio. If we exclude from the sample a. the D 0 's which are associated to a soft pion to form a D we are left with 2 almost orthogonal samples: a lepton D 0 sample, which comes mostly from charged B decays, and a lepton D sample which comes mostly from neutral B decays. In practice there is some cross talk between the two samples due to B decays to D l and to some ineciency in the association of the to the D 0 to form a D . The relative amount o f B and B 0 present in all samples is modeled with the Montecarlo and taken into account in a global t to all samples, which is used to determine the separate charged and neutral B lifetimes. Uncertainties in the modeling of the sample composition are found to have v ery little eect on the observed lifetime. The nal results of this analysis are shown in Table 3 . These results as well as the exclusive analysis ones are both consistent and competitive with the values obtained by the LEP experiments. In Fig. 6 we show a comparison of the CDF measurement of the charged to neutral B u;d lifetime ratio and the current measurements at LEP.
Bs lifetime
The lifetime of the B s meson has been measured (6) using both the exclusive decay t o J= 'and the semi-exclusive decay t o D s l; D s ! ', using analysis techniques quite similar to those described in the previous sections. In the rst case the statistics is very low (just 8 events after background subtraction) and the result has a very large statistical error: Bs = 1. 
RARE B DECAYS
The availability of a large b cross section and highly ecient dimuon triggers puts CDF in a rather unique situation for the measurement of rare B decays with 2 muons in the nal state. We present limits on the branching ratios of the decays: B ! K, where the K is either a K or a K and the pair is away from the J= and 0 resonant regions, and B ! . These decays can occur, within the Standard Model, only via higher order loops containing quarks and vector bosons and are therefore strongly suppressed. Any anomalously large value for these branching ratios would be an indication of new physics.
For the K decays the analysis runs in parallel for the resonant and non-resonant components. This way the non-resonant branching fraction can be expressed as a function of the known branching ratio of the process B ! J= K, the ratios of the eciencies and the ratio of the numb e r o f o bserved events for each component. This procedure reduces considerably the uncertainties in the measurement. Due to the trigger selection, only about one third of the available non-resonant invariant mass spectrum can be measured and a calculation based on theoretical models (7) is necessary to extrapolate to the whole spectrum. No signal is observed above background. The 90% condence level limit is shown in Table. 4 and compared to recent CLEO limits (8) and Standard Model predictions (9) .
For the B ! analysis we count the number of observed muon pairs with invariant mass in the B 0 d and B 0 s mass region. We apply vertex displacement and isolation cuts, which enhance the B component relative to the background. Given the large sample of J= available, the eciency of the cuts can be estimated mostly from the data with good accuracy. After normalizing to the measured B cross section (1) for p B t > 6 GeV/c with the assumption that the cross section for B u or B d is 3 times that of B s , w e obtain the 90% condence level limits shown in Table 5 . Here we compare our results to a recent CLEO measurement (10) and Standard Model predictions (11). (1) where is the B meson lifetime. We can integrate the above formula to obtain the overall probability that an originally produced B 0 mixes to a B 0 :
The mixing parameters x d;s , for the B 0 d;s mesons, are tightly related to the elements V td;s of the CKM matrix. , which is expected to be large. At lot of eort has therefore gone into studying the time-evolution of the mixing oscillation, which provides a direct measurement o f x , and results are now a v ailable from LEP and CDF.
CDF time-integrated measurements CDF has updated its old time-intengrated measurement (12) is the ratio of charm to beauty production passing the analysis cuts. Due to uncertainties in the theoretical cross sections, this ratio is estimated directly from the data by tting the p rel t distribution of the leptons to shapes determined with the Montecarlo. We obtain the value: f c = 0.0410.014.
-F e (LS) and F e (OS) are the fractions of fake and decay-in-ight leptons in the like-sign and opposite-sign samples. These quantities are estimated by releasing the lepton identication cuts and then determining the cut eciencies using appropriate control samples and The rather large sample of like-sign muon pairs used in the previous analysis has also been used to measure the real part of the CP violating parameter B , which is related to the sign asymmetry through the relations: CDF time-evolution measurements CDF uses a sample of about half a million of low p t dimuon triggers for the measurement o f m d via time evolution. A substantial amount of background is removed by applying quality cuts and requiring the invariant mass of the dimuon system to be larger than 5 GeV/c 2 to reject double semi-leptonic decays of the B's. After these cuts the sample reduces to 100,000 events.
We then apply a secondary vertex b-tagging algorithm to select decays of heavy avours and require the tag to be close to one of the muons. This is a necessary step in this analysis since we need a secondary vertex to measure the c of at least 1 of the B's. We assign all tracks in the tag, excluding the associated muon, to an inclusive "D" decay and t all these tracks to a common vertex. We then dene a transverse decay length, L xy , as the intersection of the "D" trajectory with that of the associated projected onto the transverse direction of the "D" system. The proper decay length cannot be calculated exactly, since in general we are missing some of the B decay particles, so, in analogy with our semi-inclusive B lifetime analysis, we dene:
where K is an average kinematical correction factor to be determined via Montecarlo. We also require that the p rel t of the muon relative to the "D" direction be larger than 1.3 GeV/c. This last cut reduces signicantly the contribution from sequential b ! c ! l decays and the direct c c background, which w ould otherwise signicantly dilute the eect of mixing.
After all cuts we are left with 3873 events (1516 like-sign and 2357 oppositesign). In Fig. 9 we show the dependence on c of the like-sign fraction, dened as: N LS (c)=(N LS (c) + N OS (c)). A clear oscillation signal is observed.
To t the observed oscillation we need an estimate of the background, the c resolution function and the behaviour of the sequential decay fraction.
We nd that the combined requests of 2 high quality m uons and a b-tag selects an extremely pure b b sample. A 3 component t t o t h e p rel t distribution in the vertex side, which takes into account direct and sequential B decays as well as direct charm production, yields a charm background in the order of 1%. A 2 component t t o t h e impact parameter in the away side, FIG. 9. Like-sign fraction versus c. The solid line is our t to the data; the dashed line is our t after forcing xd=0 and the dotted line is a prediction assuming just the sequential decay contribution and both xd and xs = 0 taking into account a b b and a fake m uon component, estimates a fraction of fakes of (103.5)%. Additional independent qualitative background estimates conrm these quantitative results.
We then use the Montecarlo to simulate b b events and calculate: -the kinematical correction factor K;
-the c resolution functions;
-the fraction of b ! c ! l decays relative to the total number of b semi-leptonic decays, f s . F or this specic analysis we found that the b-tagging biases f s , therefore we calculate an average fraction for the away side and one for the vertex side. Furthermore, the vertex side fraction is parametrized as a function of the measured c value. Additional inputs to the t are s , which w e assume saturated at 0.5, and F d and F s , which are the fractions of B d and B s contained in our sample, for these we take the values 0.370.03 and 0.150.04 respectively. W e nd that the event selection does not bias these fraction signicantly.
The result of the t to the like-sign fraction plot is: We notice that the systematic error is largely dominated by the uncertainty on the overall fraction of sequential decays and that the statistical error is that obtained after leaving the fraction of fake background unconstrained in the t, even if we h a v e an independent measurement a v ailable. We expect therefore the errors to shrink considerably in the future with larger statistics and a better measurement o f f s from the LEP experiments.
FLAVOUR TAGGING AND PROSPECTS
CDF expects to collect in order of 100 pb 1 of data by the end of run 1B, this adds up to a total of 120 pb 1 for the whole run 1. Also we expect in the order of 1 fb 1 per year after the Tevatron upgrade with the Main Injector, so it is a conservative estimate to expect that 2 fb 1 will be integrated by the experiments during the run II. I n T able 6 we extrapolate the number of reconstructed B mesons observed with run 1A data for various decay modes to some luminosity scenarios, assuming unchanged detector performances. Whenever new data are available they are shown in parenthesis as a check o f the extrapolation. We observe that several hundred fully reconstructed B's for each exclusive c hannel will be available by the end of run 1B. This will make the statistical error on the masses of B mesons negligible compared to a hard to beat systematic error in the order of 2 MeV/c 2 . The lifetime ratio between charged and neutral B's will reach and accuracy of 6%, while the accuracy of the B s lifetime determination will be in the order of 0.08 psec for the lD s channel and 0.36 psec for the ' channel. A good improvement due to the increased statistics will come also for the current mixing results, with good prospects for setting a limit on m s . In addition the large number of semi-inclusive B d decays available by the end of run 1 makes them very attractive for a time-evolution mixing study which is free of many of the current systematics. However we h a v e to nd an ecient w a y t o a v our tag these events.
The development of eective a v our tagging methods is going to be very important to improve the quality of our measurements of x s and CP violation during run II. F or analyses whose end result is obtained through an asymmetry measurement (e.g. mixing and CP asymmetries), the relevant quantity to describe the eectiveness of the avour tagging method used is D 2 , where is the tagging eciency and D is the "dilution". D is a measurement o f the fraction of times the tagger returns a wrong answer, and is dened as: (N Right N wrong )=(N right +N wrong ). As an example of how this parameter enters in the experimental errors, we show in equation 5 the formula expressing the error on the CP violation parameter sin (2) is the number of events in the sample. We observe that increasing the value of D 2 has the same eect as increasing the size of the data sample.
In CDF we are currently studying several tagging methods: soft muons, soft electrons, jet charge and same side tagging. The soft lepton tags are already used in the current mixing analysis and exploit the feature that the sign of the lepton carries information on the type of b-quark they come from. The jet charge is dened as a momentum weighed average of the charges of the tracks contained in a jet. Due to leading eects, the jet charge is correlated with the sign of the quark which originated the jet. This technique has been used extensively and succesfully in LEP mixing analysis. Recent results from LEP (15, 16) These measurements and the extrapolations of Table 6 can be used to estimate the CP reach of CDF for the measurement o f sin (2) .
In Fig. 10 we show the expected resolution on sin(2) as a function of the number of observed B ! K 0 S . The upper curve assumes that only jet charge and soft tagging are used. The bottom curve assumes a factor 4 improvement i n D 2 through the use of additional avour tagging techniques. We also consider 3 scenarios for the number of observed events, marked with letters below the plot axis:
A is a straight extrapolation to 2 fb 1 from our current data, without any improvement to the CDF detector; B assumes a factor 4 improvement in detector acceptance. Given the tracking and trigger upgrades which CDF plans to implement i n r u n II (17) this should be a conservative estimate; All in all a sin(2) resolution of 0.1 or better should be quite straightforward to achieve with 2 fb 1 of data and the planned detector upgrades in place.
CONCLUSIONS
CDF is active in practically all areas of B physics and has already very competitive measurements for B meson masses, lifetimes and rare decays. Mixing results are still dominated by systematics, but the situation is rapidly changing thanks to new results from e + e experiments and the development of additional avour tagging techniques. We expect signicant improvements with the full run 1 statistics. For the future Tevatron run measurements of CP violation and x s should be well within reach.
